Thalassemias, as the most important inherited blood disorders, are a wide group of inherited anemias that are caused by decreased levels or no production of either types of globin chains (α or β) by mutations in their genes. Mutations in β-globin gene are more common than those in α-globin one, worldwide. Due to the pattern of inheritance of this disorder, parental detection and newborn screening would be very important in disease management. This study aimed to detect the mutations of β-globin gene by Real-Time PCR among patients in Tonekabon area in North of Iran. Whole blood samples were collected from 10 heterozygous people (A 2 > 3.5%) and one healthy control from health centers in Tonekabon in North of Iran. The mutations in 5 segments of β-globin gene were recognized by High Resolution Melting following DNA extraction and Real Time PCR. As the result, only one mutation at exon 1, FSC 8/9 (+G), produced a unique heteroduplex in heterozygous form, which allowed to detect carriers from those who were homozygous. Based on the results obtained in this study, Syto-9 HRM technique is not a precise method to detect the carriers of β-globin gene mutations and have to be used together with other detection methods.
Introduction
A genetic disease is a condition caused by alteration in either amount or function of a protein encoded by a gene [1, 2] Study on genetic diseases at different levels such as gene, protein, cell, tissue and whole body, not only improves our understanding about DNA and its role in the body system, but also leads us to the approprite methods of treatment [2] . Sickle cell anemia was the first disease defined in a molecular point of view [2] . Hemoglobin is the iron-containing metalloprotein in the red blood cells to transport oxygen in the body of vertebrates [3] . Normal hemoglobin consists of two pairs of globins [2, 4] . The type of normal hemoglobin can be different depending on the combination of a pair of α-chains together with a pair of either γ or σ or β-chains [2, 4, 5] . Human adult hemoglobin consists of 95% α2β2 (HbA), 3% α2σ2 (HbA2), and 2% α2γ2 (HbF), approximately [1, 2, 4, 6] . Βeta-thalassemia is a disease caused by the abnormal production of β-globin, leading to the sedimentation of β-chain both in Red Blood Cell (RBC) and its erythroid precursours. Destruction of erythroid precursors promotes the production of inefficient RBC, extra-production of erythropoietin, and bone marrow cell proliferation. Bone marrow extension leads to the skeletal disorder, which is another major problem attached to the β-thalassemia [2, 4, 5, 7] . Major β-thalassemia patients are diagnosed by age two through severe hemolytic anemia. Microcytic hypochromic anemia, bone marrow erythroid hyperplasia, hepatomegaly and splenomegaly are the other problems caused by the disease [1, 2, 3, 7, 8] . Beta-thalassemia gene mutations are detected by different PCR based methods [7, 9] . In this study, High Resolution Melting Real Time PCR method was used to detect β-globin gene mutations.
Materials and Methods
Whole blood samples were collected from 10 heterozygotes (hemoglobin A2 above 3.5) and one homozygoute healthy people through different health centers located in Tonekabon in North of Iran. About 2 ml of peripheral blood samples into EDTA anticoagulant were collected from all participants. DNAs were extracted by "High Pure PCR Template Preparation Kit" (Roche, Germany). Four sets of primers designed by Chinchan and his colleagues [6] together with one set of primers designed by current researchers were used to amplify coding and regulatory domains of β-globin gene, in where the mutations lead no production of β-chain. The primer sequences are given in 
Results
Both the HRM normalised and difference graphs obtained for all 5 fragments showed differences between heterozygotes and homozyhote control samples. However, only one mutation at exon 1, FSC 8/9 (+G), produced a unique heteroduplex in heterozygous form that allowed to detect carriers from those who were homozygous (Figure 1) , while for all other mutations the carriers were not detectable from homozygous genotypes due to lack of heteroduplex formation in heterozygote form. 
Discussion
Although there are many methods to screen hemoglobin gene mutations, however, a more rapid yet precise method to detect mutations in clinical samples is still on demand. Kukret et al. (2002) used Allele Specific PCR to detect polymorphisms at β-globin group of genes among Indian populations. They worked on five common mutations among 56 individuals, of which 85% were successfully genotyped while 15% remained undetected [10] . Foglieni and colleagues in 2003 used Microchip method to detect 9 common mutations in β-globin gene among 250 patients. All the patients had previously been studied by some other methods too and the comparison between results obtained by this method and those of other methods showed that this method is 100% valid [11] . Multiplex ARMS technique was also used by Pornprasert and colleagues in 2013 to detect mutations in β-globin gene [12] . Different methods have been used to detect mutations at this gene in Iran, too. Pourfaizi and his colleagues studied on 11 common mutations among the Mediterranean population by ARMS-PCR. Reverse Dot Blotting together with ARMS-PCR were also used to detect common β-globin gene mutation among Iranians by Hashemi and colleagues in 2000 [9] .
High Resolution Melting (HRM) is considered as a new, fast and cost effective method to screen nucleotide polymorphism. Theoretically, this method is able to discriminate all nucleotide polymorphisms either in homozygote or heterozygote forms. However, the method has shown less effective in practice due to the influence of different parameters such as the position of nucleotide polymorphism in the amplified fragment as well as the PCR efficiency. In this study, although differences between melting points and fluorescence emission patterns were observed between the samples and those of normal homozygote, however, except for one mutation, the alleles were undetectable due to the lack of heteroduplex formation for heterozygote samples. The results obtained by this study show that HRM could not be considered as the method of choice to detect β-globin gene mutations and should be replaced by other PCR based methods such as Allele Specific PCR or ARMS.
